Previous work examining the neurobiological substrates of social cognition in healthy individuals has reported modulation of a social cognitive network such that increased activation of the amygdala, fusiform gyrus, and superior temporal sulcus are evident when individuals judge a face to be untrustworthy as compared with trustworthy. We examined whether this pattern would be present in individuals with schizophrenia who are known to show reduced activation within these same neural regions when processing faces. Additionally, we sought to determine how modulation of this social cognitive network may relate to social functioning. Neural activation was measured using functional magnetic resonance imaging with blood oxygenation level dependent contrast in 3 groups of individuals-nonparanoid individuals with schizophrenia, paranoid individuals with schizophrenia, and healthy controls-while they rated faces as either trustworthy or untrustworthy. Analyses of mean percent signal change extracted from a priori regions of interest demonstrated that both controls and nonparanoid individuals with schizophrenia showed greater activation of this social cognitive network when they rated a face as untrustworthy relative to trustworthy. In contrast, paranoid individuals did not show a significant difference in levels of activation based on how they rated faces. Further, greater activation of this social cognitive network to untrustworthy faces was significantly and positively correlated with social functioning. These findings indicate that impaired modulation of neural activity while processing social stimuli may underlie deficits in social cognition and social dysfunction in schizophrenia.
Introduction
Social cognition, a construct broadly referring to the cognitive processes involved in how individuals perceive, interpret, and process social information, 1,2 has become of increasing interest within schizophrenia research. Prompting this interest is a considerable body of work demonstrating that individuals with schizophrenia are impaired across a number of social cognitive domains including emotion perception, theory of mind (the ability to infer the intentions of others), and attributional style. 3 Further, these deficits have been directly linked to social functioning 4 and social behavior. [5] [6] [7] Several studies suggest that social cognition mediates the relationship between neurocognition and social functioning, [8] [9] [10] and others suggest that social cognitive abilities may be a better predictor of social functioning than cognitive abilities. 5, 11, 12 These studies underscore the vital importance of social cognition in schizophrenia and indicate that work exploring the underlying mechanisms of social cognitive dysfunction is necessary.
Based on work with healthy individuals, neurobiological models of social cognition have confirmed that an interactive network of specific neural regions is recruited for the processing of social information. 1, 2, 13 This network primarily includes the fusiform gyrus (FG) and superior temporal sulcus (STS), which underlie face processing 14, 15 ; the medial prefrontal cortex (MPFC), which underlies theory of mind 16, 17 ; and the amygdala (AMYG), which is integral to detecting threat, recognizing emotion, and making complex social judgments. 18, 19 These models suggest that impairments in this neural network may be related to the behavioral deficits in social cognition evidenced in schizophrenia, and indeed, several studies have demonstrated that individuals with schizophrenia show abnormal activation of this social cognitive circuit while processing social stimuli. 20 Interestingly, these abnormalities, particularly in AMYG functioning, appear to vary across symptomdefined subgroups based on the presence or absence of specific symptoms such as flat affect or paranoid ideation (reviewed in Pinkham et al. 21 ). Of importance here, recent studies have demonstrated that paranoid individuals with schizophrenia show reduced activation of the AMYG relative to nonparanoid individuals and healthy controls 1 To whom correspondence should be addressed; tel: 215-662-7389, fax: 215-662-7903, email: amypi@mail.med.upenn.edu. during tasks of emotion recognition. [22] [23] [24] We recently replicated and extended this finding by assessing neural activation in healthy individuals, individuals with an autism spectrum disorder, nonparanoid individuals with schizophrenia, and paranoid individuals with schizophrenia while they made complex social judgments (ie, trustworthiness judgments) of faces. 25 We found that the paranoid group not only showed less AMYG activation than the healthy and nonparanoid groups but also reduced activation of the fusiform face area of the FG and the ventrolateral prefrontal cortex (VLPFC), a region implicated in evaluative judgments and modulation of AMYG activity while viewing faces. [26] [27] [28] Because this first analysis emphasized a comparison between individuals with schizophrenia and individuals with autism spectrum disorders, we assessed group differences in neural activation across the entire task of rating trustworthiness. However, 2 recent studies assessing trustworthiness evaluations in healthy individuals have demonstrated that the degree of activation within social cognitive neural regions is modulated by properties of the stimulus, namely how trustworthy a face appears. 29, 30 Both studies found greater activation of the AMYG when a face was rated as untrustworthy compared with trustworthy, and Winston et al. 30 also reported greater activation of bilateral FG and bilateral STS for untrustworthy faces relative to trustworthy faces. In this follow-up analysis, we sought to determine if a similar pattern of greater activation for untrustworthy faces would be evident in individuals with schizophrenia and if this pattern would differ between paranoid and nonparanoid subgroups. Further, given that the previously reported differences between schizophrenia subgroups could be driven by neural responses to trustworthy faces, untrustworthy faces, or both, this new analysis is a critical next step for understanding the reported dysfunction.
Based on neurobiological models of social cognition and our previous work, the AMYG, FG, STS, VLPFC, and MPFC formed the regions of interest (ROIs) for our statistical analyses. Given that nonparanoid individuals tend to show comparable levels of neural activation relative to controls, we predicted that both the control and nonparanoid groups would show greater activation of this social cognitive network when a face was rated as untrustworthy. Paranoia, however, may involve the inability to correctly differentiate threatening from nonthreatening information, particularly when stimuli are ambiguous. 31, 32 We thus hypothesized that this lack of differentiation would be reflected in reduced modulation of this social cognitive network in paranoid individuals relative to the other groups.
Moreover, as a primary focus of this current analysis, we examined whether modulation of this social cognitive network would relate to social functioning. An important goal of functional neuroimaging is to elucidate brainbehavior relationships, and here, we sought to further our previous work by linking neural activation to a clinically meaningful outcome. Recent works utilizing continuum-based models of paranoia have examined the relationship between social behaviors and paranoia and found that both paranoid individuals with schizophrenia and healthy individuals with subclinical levels of paranoid ideation show more behaviors indicative of mistrust such as sitting further away from research personnel and taking longer to read consent forms. 33, 34 It is possible that these behavioral tendencies may be related to specific patterns of neural activation. In light of this work and the aforementioned associations between social cognition and social functioning, we anticipated that a greater degree of modulation would be positively correlated with better social functioning across all groups.
Methods
Raw imaging data and behavioral measures of task performance were obtained from a previously reported study examining the neural bases of trustworthiness judgments in schizophrenia and autism spectrum disorders. 25 Assessments of social functioning were collected as part of this larger study but have not previously been reported.
Subjects
Participants were 12 individuals with schizophrenia (n = 9) or schizoaffective disorder (n = 3) without paranoid symptoms (nonparanoid schizophrenia, NP-SCZ), 12 individuals with schizophrenia (n = 8) or schizoaffective disorder (n = 4) with prominent paranoid symptoms (paranoid schizophrenia, P-SCZ), and 12 nonclinical healthy control individuals. All participants were male, were 18-35 years old, reported no history of head injury, self-identified as right-handed, had a visual acuity of 20/20 (natural or corrected via contact lenses), and did not currently meet criteria for substance abuse or dependence. Additional inclusion criteria for controls were a lack of psychotic or affective disorders in themselves and first-degree relatives. Individuals in the schizophrenia groups were recruited from the Schizophrenia Treatment and Evaluation Program at the University of North Carolina Neurosciences Hospital, and healthy participants were recruited via informational e-mails to university staff soliciting participation in research and from other research studies conducted in our laboratory. Prior to participation, all individuals provided written, informed consent, and the University of North Carolina Behavioral Institutional Review Board approved the research protocol.
Diagnoses for individuals in the schizophrenia groups were confirmed with the Structured Clinical Interview for Diagnostic and Statistical Manual of Mental Disorders (Fourth Edition) (SCID-P) and chart review. SymptomatolSocial Cognitive Activation Relates to Social Functioning ogy at the time of participation was assessed with the Positive and Negative Syndrome Scale. 35 Participants experiencing marked symptoms of paranoia at the time of scanning, scoring at least a 4 or above on the suspiciousness/persecution item, constituted the P-SCZ group. Participants who demonstrated an absence or only subclinical levels of paranoia, by scoring a 2 or below on this item, constituted the NP-SCZ group. Across other symptoms, the P-SCZ group received higher ratings for both positive (F 1,22 = 33.2, P < .001) and general (F 1,22 = 6.69, P = .017) symptom clusters; however, these differences did not remain statistically different after controlling for paranoia. The groups did not differ in negative symptoms. Of particular relevance for the comparison of P-SCZ and NP-SCZ groups, all SCZ participants were taking atypical antipsychotic medications, and the 2 groups did not differ in chlorpromazine equivalents (F 1,22 = 1.51, P = .232). 36 Groups did not differ significantly in ethnicity (v 2 = .465, P = .793), age (F 2,33 = .386, P = .683) or premorbid verbal IQ as assessed by the Wide Range Achievement Test (WRAT) reading subscale (F 2,33 = 2.67, P = .084). 37 Expectedly, education significantly differed between groups (F 2,33 = 10.12, P < .001); controls completed more years of education than both SCZ groups (P = .001 for both comparisons), who did not differ from each other. All demographic information is presented in table 1.
Tasks
Imaging Stimuli and Functional Magnetic Resonance Imaging Experiment Functional magnetic resonance imaging (fMRI) was utilized while individuals completed the abbreviated Trustworthiness/Approachability Task. 38 In this task, individuals viewed 42 grayscale frontal images of faces and made dichotomous decisions regarding the trustworthiness (ie, trustworthy or untrustworthy) of the individual in each photo. This procedure was based on Winston et al. 30 Participants responded by pushing a button corresponding to their rating, and these determinations, as well as reaction time, were recorded as behavioral indexes of task performance.
The imaging session included 2 functional runs in which participants made trustworthiness judgments, with each run containing 21 photographs. Each photograph was displayed for 2 s, followed by a 16-s interstimulus interval, during which participants were instructed to keep their eyes focused on a white fixation cross presented in the middle of the screen. The imaging session also contained 2 additional runs of a different task, performed after the trustworthiness runs (described in Pinkham et al. 25 ).
Social Functioning Assessment Following scanning, social functioning was assessed with the Social Functioning Scale (SFS). 39 The SFS is a self-report measure that 
Image Preprocessing and Inferential Testing
Data were preprocessed and analyzed using SPM2 (Wellcome Department of Cognitive Neurology, Queen Square, London, UK). Images were slice time corrected, motion corrected to the first image using b-spline interpolation, and high-pass filtered (128 s). Functional and anatomical images were coregistered and then transformed into a standard anatomical space (EPI Montreal Neurological Institute template) using trilinear interpolation. 40 Normalized functional images were then spatially smoothed (8-mm full width at half maximum, Gaussian isotropic kernel). Subject-level statistical analysis was done using General Linear Model as implemented in SPM2. The events comprising each condition (trustworthy and untrustworthy) were parsed according to the idiosyncratic judgments of each participant (ie, the subject's individual responses rather than average ratings or categorization based on stimulus qualities), and the 2 conditions were then modeled using a canonical hemodynamic response function with a temporal derivative. Parameter estimates of event-related activity were estimated voxelwise for each condition relative to fixation baseline.
ROI Analyses of BOLD Signal Change
Coordinates for regions of the examined social cognitive network were derived from previous fMRI studies of social cognition and of trustworthiness evaluations. Coordinates for bilateral AMYG (8-mm radius; left: x, y, z = À16, À5, À19; right x, y, z = 24, À1, À18) and bilateral FG (12-mm radius; left: x, y, z = À48, À48, À 24; right: x, y, z = 44, À46, À22) were taken from previous studies showing modulation of these regions with trustworthiness. 29, 30 Coordinates for bilateral STS (14-mm radius; left: x, y, z = À51, À44, 6; right: x, y, z = 54, À45, 6) were the center of face-related activations from several studies reviewed in Pelphrey et al. 41 ROIs for bilateral VLPFC (14-mm radius; x, y, z = 644, 32, À12) were derived using coordinates presented in a study of social evaluation demonstrating that this region activated specifically to evaluative judgments vs nonevaluative judgments. 26 Finally, consistent with Ashwin et al., 42 the MPFC ROI (14-mm radius; x, y, z = À4, 42, 36) was taken from Calder et al., 17 wherein average coordinates were calculated from previous studies of theory of mind.
The mean percent signal change for each ROI ((parameter estimates (beta > 0)/baseline) 3 100) was estimated with custom MATLAB scripts using the model described above, and these data were subject to further analyses. Only the activated voxels (Z > 0, contiguous) were used for both conditions across the 2 runs. These values were then entered into a repeated-measures analysis of variance (ANOVA) with ROI (R AMYG, L AMYG, R FG, L FG, R STS, L STS, R VLPFC, L VLPFC, and MPFC) and condition (trustworthy and untrustworthy) as within-subject factors and group (control, NP-SCZ, P-SCZ) as the between-subject factor. The threshold for statistical significance was set at P < .05 (2-tailed), and where Mauchly test indicated that the assumption of sphericity had been violated, GreenhouseGeisser corrections were utilized. Finally, significant effects involving group were followed up with Tukey Honestly Significant Difference post hoc tests.
Neural Response-Social Functioning Correlations
To examine the relationships between neural activation and social functioning, we first calculated a change score representing modulation of social cognitive activation by subtracting the mean percent signal change for trustworthy faces from the mean percent signal change for untrustworthy faces within each ROI. Change scores were implemented as we sought to investigate the pattern previously reported in healthy individuals of greater activation for untrustworthy relative to trustworthy faces rather than just absolute amounts of activation for either condition. Spearman rank correlations (1-tailed) were then used to examine the relationships across all groups between these change scores and the SFS total score. To control type I error, a Bonferroni-corrected alpha level of P < .0055 was utilized to determine significance. Additionally, as a follow-up analysis, these relationships were also examined for each group independently. Given the small sample size of each group and the number of neural regions included, these follow-up analyses were considered exploratory, and the significance level was set at P < .05.
Results

Behavioral Data
A 1-way (group: control vs NP-SCZ vs P-SCZ) ANOVA conducted on behavioral ratings of trustworthiness during scanning revealed significant group differences in the number of faces rated as trustworthy (F 2,33 = 4.58, P = .018). Tukey's HSD post hoc comparisons indicated that the P-SCZ group rated significantly fewer faces as trustworthy relative to both the control and NP-SCZ groups (P = .031 and P = .037, respectively). Importantly, despite these differences, the ratings for each photo across groups tended to vary similarly and were generally in agreement with each other (intraclass correlation coefficient = .924), demonstrating that no group appeared to respond in an arbitrary manner.
Response times did not account for group differences in judgments, as a repeated-measures ANOVA on reaction time with type of judgment (trustworthy vs untrustworthy) as the within-subject factor and group as the between-subject factor revealed only a trend-level main effect of type of judgment (F 1,33 = 4.08, P = .052), indicating that participants responded more slowly when a face was rated as untrustworthy. There was no main effect for group (F 2,33 = .35, P = .707), nor was there a significant interaction between group and type of judgment (F 2,33 = 1.51, P = .235).
For social functioning, a 1-way ANOVA on SFS total score demonstrated significant differences between groups (F 2,33 = 9.30, P = .001). Post hoc tests revealed that the control group showed better social functioning abilities than both SCZ groups (P = .012 for the comparison with NP-SCZ and P = .001 for the comparison with P-SCZ) and that whereas the NP-SCZ group scored higher than the P-SCZ group, the 2 SCZ groups did not significantly differ from each other. All behavioral data are presented in table 1.
ROI Analyses of BOLD Signal Change
The repeated-measures ANOVA on mean percent signal change revealed a statistically significant main effect for condition (F 1,33 = 22.53, P < .001), indicating greater activation of the examined social cognitive network when faces were rated as untrustworthy relative to trustworthy. A significant main effect was also evident for ROI (F 4.48,147.66 = 26.64, P < .001) such that some regions of this social cognitive network (ie, AMYG, FG, and VLPFC) showed greater signal change than others (ie, STS and MPFC). The main effect of group was also significant (F 2,33 = 3.46, P = .043) with post hoc tests demonstrating that the control group showed significantly more activation across this social cognitive network than the P-SCZ group (P = .035). The NP-SCZ group did not significantly differ from either comparison group.
The condition by group (F 2,33 = 5.23, P = .011), ROI by group (F 8.95,147.66 = 2.14, P = .03), and condition by ROI (F 4.3,141.87 = 4.94, P = .001) interactions were all significant, and more importantly, the 3-way interaction between ROI, condition, and group (F 8.60,141.87 = 2.17, P = .029) was also significant, indicating that the degree of neural modulation between trustworthy and untrustworthy ratings varied significantly between groups and regions within this social cognitive network. Subsequent repeated-measures analyses of mean percent signal change in the individual ROIs revealed significant condition by group interactions in the R AMYG (F 2,33 = 4.34, P = .021), L FG (F 2,33 = 3.58, P = .039), MPFC (F 2,33 = 3.80, P = .033), L STS (F 2,33 = 4.1, P = .026), and bilateral VLPFC (left: F 2,33 = 7.25, P = .002; right: F 2,33 = 6.87, P = .003). Consistent with our predictions, in each of these regions, the interactions indicated that both controls and NP-SCZ showed a greater increase in activation than P-SCZ when a face was perceived as untrustworthy relative to trustworthy. Specific differences between groups in each condition and in each ROI are detailed in figure 1.
Correlations Between Neural Response and Social Functioning
Correlations between the change scores representing modulation of this social cognitive network in response to the trustworthiness of each face and total score on the SFS revealed a significant and positive relationship between increased activation to untrustworthy faces and better social functioning. These relationships were evident in bilateral FG (left: Spearman q = .513, P = .001; right: Spearman q = .530, P < .001), MPFC (Spearman q = .420, P = .005), and bilateral VLPFC (left: Spearman q = .477, P = .002; right: Spearman q = .486, P = .001). Notably, increased modulation of activation in bilateral STS (left: Spearman q = .287, P = .045; right: Spearman q = .408, P = .007) was also correlated to better social functioning; however; these relationships did not survive correction for multiple tests. Significant correlations are shown in figure 2 , and as can be seen from the scatterplots, these correlations do not appear to be due to group differences in mean SFS score or neural activation.
The follow-up exploratory analysis of these relationships within each group revealed significant positive correlations between increased activation to untrustworthy faces and better social functioning in R AMYG, bilateral FG, MPFC, and R VLPFC in the healthy control group only. Interestingly, although primarily positive and therefore going in the same direction, the only correlation reaching statistical significance among the clinical groups was in the L AMYG for the P-SCZ group. No group differences in correlation strengths were statistically significant. All correlations are provided in table 2.
Discussion
Both individuals with NP-SCZ and healthy comparison participants showed significantly greater activation of the examined social cognitive network when a face was judged to be untrustworthy relative to trustworthy, thus demonstrating neural sensitivity to threatening social stimuli. Paranoid individuals with schizophrenia, however, failed to show any modulation of neural activation for untrustworthy faces relative to trustworthy faces. These findings further our previous work by demonstrating that reduced neural activation for paranoid individuals during trustworthiness evaluations are specific to faces perceived as untrustworthy. The fact that groups showed comparable levels of activation for trustworthy faces indicates that the impairments seen in P-SCZ are not due to global reductions in activation but rather to a lack of normative increases in activation to threatening stimuli.
Results of this study are also consistent with previous work highlighting fundamental distinctions in neural activation between schizophrenia subgroups. Earlier studies showed relatively intact AMYG and MPFC activation for nonparanoid individuals during implicit processing of emotion, [22] [23] [24] and here, we replicate those findings with a task of complex social cognition and extend them to the VLPFC. More normative activation for NP-SCZ (relative to P-SCZ) in several regions of the examined social cognitive circuit demonstrates that these differences between subgroups are widespread and emphasize the distributed and interactive nature of this social cognitive network.
In contrast, the only region where P-SCZ and NP-SCZ resembled each other was in bilateral FG. Here, neither group showed a significant increase in activation for untrustworthy faces, although it should be noted that the increases evident in the NP-SCZ approached significance (L FG: P = .115, and R FG: P = .073). Although speculative, this may suggest that all individuals with schizophrenia have some degree of impairment in the direct feedback connections from AMYG to FG 43 that would increase FG activation once the AMYG has designated a stimulus to be threatening. This finding may also shed light on previous studies reporting reduced activation of Group abbreviations: Con 5 control, NP 5 nonparanoid schizophrenia, P 5 paranoid schizophrenia. *Between-group differences significant at P < .05. **Between-group differences significant at P < .01. ¤Within-group differences across condition significant at P < .05. ¤¤Within-group differences across condition significant at P < .01. ¤¤¤Within-group differences across condition significant at P < .001.
y Significant interaction between group and condition significant at P < .05. yy Significant interaction between group and condition significant at P < .01 the right lateral FG in schizophrenia during emotion perception tasks as compared with healthy individuals. [44] [45] [46] It is possible that heightened FG responses to threatening emotions (ie, anger and fear) in controls may have driven these group differences.
Further, examination of behavioral responses revealed that the groups generally agreed in their assessments of trustworthiness but that paranoid individuals were more likely to rate a face as untrustworthy. The agreement between groups indicates that the majority of stimuli were included in the same category across groups and that the apparent differences in neural activation are not a function of random responding or largely different categorizations of faces. Rather, the integration of the behavioral and neural data may provide insights into the nature of paranoia. The lack of modulation seen in P-SCZ demonstrates that, at the neural level, all faces were processed similarly despite the fact that these individuals were able to behaviorally categorize faces as trustworthy or untrustworthy in a manner that was largely consistent with control and NP-SCZ participants (albeit while rating more faces as untrustworthy). Increased behavioral ratings of mistrust without concurrent increases in neural activation are consistent with findings of a disconnect between autonomic arousal systems and neural response in which paranoid individuals show enhanced arousal coupled with reduced AMYG activation when viewing threat-related stimuli. 23 These findings may indicate that the neural mechanisms of threat appraisal are ineffective in paranoid individuals and that while retaining the ability to make gross distinctions between stimuli at a behavioral level, paranoid individuals may be unable to make fine-grained distinctions, which may contribute to the over attribution of threat seen in paranoid ideation. Alternately, these findings could reflect habituation of AMYG activity in paranoid individuals, suggesting that threatening stimuli may lose saliency over time; however, this interpretation is somewhat contradictory to the noted findings of increased autonomic arousal in P-SCZ. Nevertheless,thesefindingscertainlyrequirefurtherinvestigation.
In addition to having implications for schizophrenia, the present study also furthers our understanding of the examined social cognitive neural network. Increased AMYG, FG, and STS activation to untrustworthy faces in healthy individuals was expected and is consistent with previous work. 29, 30 Greater AMYG activation to untrustworthy faces is likely related to this region's role in detecting threat 19 and orienting to salient information, 47, 48 and as noted previously, increased FG activation is likely due to modulatory influences from the AMYG via back projections. 43 Differential activation of the STS may be explained by its involvement in theory of mind inferences. 30 Given that one may attempt to infer the intentions of another as a means of evaluating whether they can be trusted and that uncertainty about these intentions may lead to a judgment of untrustworthiness, such a process may explain the differential activation seen here.
Findings from this study also extend those of Winston et al. 30 by demonstrating increased activation of frontal regions, specifically the MPFC and bilateral VLPFC, in nonclinical controls for untrustworthy faces. These findings suggest that both regions are sensitive to differing levels of perceived threat. For the MPFC increased activation for untrustworthy faces may reflect more emphasis on determining the intentions of pictured individuals who appear more likely to pose a threat. For VLPFC, greater activation during untrustworthiness judgments may reflect this region's role in modulating and regulating emotional responses. 27, 49 Such an interpretation is consistent with work showing that extended cognitive evaluation of emotional stimuli is associated with relative decreases in AMYG response and correlated increases in VLPFC activation, as compared with brief stimulus presentations. 27, 28 Of primary importance, across all groups, neural activation within this social cognitive network, and in particular the degree of modulation between trustworthy and untrustworthy faces, was positively correlated with social functioning. These relationships were evident in both frontal regions investigated (ie, MPFC and VLPFC) and also in the FG. Unexpectedly, a significant relationship with social functioning was not found for AMYG activation when groups were examined conjointly. This may be explained by work with healthy individuals demonstrating that AMYG response during trustworthiness evaluations is more closely related to consensus ratings of trustworthiness rather than idiosyncratic judgments. 29 Thus, we may not have assessed activation in a way that maximally measures the AMYG response. Our decision to examine participant responses was made a priori based on anticipated differences between the judgments of schizophrenia subgroups and a desire to link neural activation to behavioral responses. Also unexpectedly, the clinical groups did not show the same strength of relationships between modulation of neural activation and social functioning. This may be partially explained by the increased variability in the clinical groups (eg, SFS range: controls 140-193, NP-SCZ 104-179, and P-SCZ 97-168) and the small sample sizes. Nevertheless, the significant correlations between greater modulation of activation and better social functioning across groups and the positive (albeit nonsignificant) correlations within the clinical groups indicate that the amount of neural modulation while processing social stimuli has potential to become a predictive marker of real-world social behavior. These relationships also highlight the direct connections between social cognition and social functioning.
Although the present study elucidates the nature of neural abnormalities in P-SCZ, a number of questions require further clarification. First, although the SCZ subgroups did not differ in chlorpromazine equivalents, the effects of medication were not assessed. Second, given recent work in autism demonstrating that neural activation in the AMYG is associated with visual scanning of the eye region of faces 50 but work in schizophrenia showing reductions in AMYG activation even when faces are not consciously perceived, 51 it is unknown what role visual face scanning patterns may have played in the present results. Likewise, it is unclear what effect autonomic arousal may have had on both neural activation and behavioral ratings. Future work would benefit from including concurrent eye-tracking and physiological monitoring to investigate these effects. Third, the 2 schizophrenia subgroups did not significantly differ from each other on social functioning, which is unexpected given the reported differences in neural activation.
It is possible that the self-report format and the wide scope of functioning assessed by the SFS may have limited our ability to discern group differences in social behaviors that may be more proximal to social cognition (ie, social skill as opposed to independent living skills). Additionally, all clinical participants in this study were stable outpatients, which may have also contributed to the lack of significant group differences in overall social functioning. Finally, in order to assess multiple groups, the number of individuals who could be enrolled in each group was necessarily limited, and only righthanded male participants were recruited. These factors may limit the generalizability of the results and indicate that replication is needed.
Notwithstanding these limitations, the present study reports a novel observation related to the processing of threat-related social information in schizophrenia subgroups. The finding that paranoid individuals with schizophrenia failed to show normative increases in neural activation when they judged a face to be untrustworthy reveals an important distinction between schizophrenia subgroups and may shed light on the nature of paranoid ideation by demonstrating impairments in the neural mechanisms of threat appraisal in paranoid individuals. Moreover, the amount of neural modulation between trustworthy and untrustworthy stimuli within the examined social cognitive network was significantly and positively correlated to social functioning. These findings suggest that remediation of this response may aid in improving social behavior and emphasize the importance of social cognition for functional outcome. 
